Classical swine fever (CSF) is a highly contagious virus infection of swine caused by classical swine fever virus (CSFV). CSF infections cause significant economic impact and hardship throughout Asia. Improved understanding of the epidemiology of an infectious agent can provide options for the control of disease. Developments in technology have allowed the simplified PCR-mediated amplification of targeted genomic regions and the rapid deduction of nucleotide sequences which can be related to the geographical origin of individual disease outbreaks. This review describes the comparative analysis techniques and molecular epidemiology of classical swine fever viruses in the Asian context.
Introduction
Classical swine fever (CSF) is a highly contagious virus infection of swine caused by classical swine fever virus (CSFV), a member of the genus Pestivirus, family Flaviviridae. Understanding of the natural history of an infectious agent can provide avenues for the control of disease. The characterisation of the agent＇s taxonomic status, evolutionary background and geographic distribution may present opportunities to trace disease outbreaks or develop control strategies. In the past 15 years, the application of phylogenetic and geographic-based techniques to examine relationships between and within groups of viruses has become more commonly undertaken with the advent of molecular biologybased tools such as PCR and automated nucleotide sequencing. Molecular techniques have enabled the development of exquisite levels of comparative analysis between viruses. In recent times, the molecular phylogeny of viruses has expanded rapidly, even to lower technology environments. Developments in technology have allowed the simplified PCR-mediated amplification of targeted genomic regions and the rapid deduction of nucleotide sequences.
Virus genome
The CSFV genome is a positive-sense single-stranded RNA molecule of approximately 12.3-Kb. The open reading frame (ORF) encodes a single polyprotein that is post-translationally processed into structural and non-structural proteins. Flanking the ORF are non-coding regions at the 5′ (5′ NCR) and 3′ (3′ NCR) ends of approximately 360-385 and 228 bases, respectively.
Conventional analysis of CSF virus isolates
Pestiviruses has been classified into five major species on the basis of antigenic and genetic comparison 1) . The CSF group of viruses comprises one species, as do the viruses of the border disease (BD) virus group. Bovine viral diarrhea (BVD) viruses have been divided into two separate groups, each having its own species. The fifth species is made up of atypical pestiviruses including a virus isolated from a giraffe 1) . It has been suggested that the BD virus group be further divided into three species (i.e., total of seven species) on the basis of N pro nucleotide sequence 2) . Classical Swine Fever virus is recognised as having only one serotype. Distinctions based on in vitro growth and antigenic and genetic characteristics have been made to classify CSF viruses. In-vitro biotypes CSFV field isolates have been recognized as noncytopatho-genic viruses. Therefore, CSFV has been assayed by cell culture fluorescent-antibody technique, immunoperoxidase staining and genetic techniques such as RT-PCR. The development of the exaltation of Newcastle disease virus (END) diagnostic technology by Japanese researchers employed Newcastle Disease virus to enhance cytopathic effect (CPE) in CSF virus infected cell cultures. It was recognised that CSF viruses could be grouped into END-positive and END-negative strains 3) . Another method for biologically discriminating CSF virus in vitro, is the ability of some virus isolates to cause CPE 4, 5, 6, 7) .
Virus neutralisation
The CSF virus neutralisation process is based on immunological reaction primarily between the E2 protein and its corresponding antibody. Differences in the strength of neutralisation titres by different CSF virus strains with monoclonal or polyclonal antibodies are recognised as a useful method of comparative virus strain analysis. Differences can occur in the neutralising ability of CSF virus strains of differing virulence 8) . Subsequently, virus neutralisation has also been used in an attempt to classify and characterise pestiviruses isolates into groups on the basis of virulence and species specificity 9, 10) . Nevertheless, because of the difficulties of in vitro growth and detection of CSF virus in cell culture, this method has largely fallen from favour following the development of CSF virus molecular-based methodologies.
Analysis of viral antigens employing monoclonal antibodies
Monoclonal antibodies (MAbs) have been used to discriminate pestiviruses into groupings on the basis of similar neutralisation reactions 11) . The application of a characterised panel of 13 MAbs to discriminate 125 pestiviruses of various origins resulted in the grouping of CSF virus and BVD viruses/BD virus isolates 11) . Furthermore, heterogeneity between CSF virus isolates and the possibility of differentiation between CSF virus field and vaccine strains was also recognised 10, 12) . In a different study, Hess et al. 13) employed a small number of CSF virus and BVD viruses specific MAbs to group 90 CSF virus field isolates originating from Germany. Using a panel of seventy-six anti-pestivirus MAbs, Paton 9) assessed sixty-six pestivirus isolates and, in conjunction with phylogenetic analysis results, suggested the formation of four pestivirus sub-groups of which one was the CSF virus subgroup. Reports of the comparison of Asian CSF virus strains by MAb analysis are limited to a single study that employed MAbs raised against ALD and GPEstrains to compare twenty Japanese CSF virus field strains 14) . MAb analysis of pestivirus isolates has been largely superseded as a tool for the comparative analysis of CSF virus isolates by phylogenetic analysis. This has been mainly due to the exquisitely sensitive nature of the phylogenetic analysis techniques, and the previously described in vitro difficulties of working with pestiviruses. Furthermore, it is also recognised that the production of CSF virus-specific MAbs is difficult and timeconsuming 15) .
Phylogenetic analysis
The genetic separation of CSF virus is largely based on comparative nucleotide sequence data of a 190 nt region of the E2 gene 16, 17) . Similar groupings of CSF virus strains are also possible by analysis of the 5′ -NCR (150 nt) and the NS5B gene (409 nt) 17) . Other recent reports of genetic typing of CSF virus, employing similar methodologies to the examination of the NS5B genomic region have concurred with the groupings proposed by Paton et al 18) . A major effort to standardise the CSF virus genetic typing analysis methodology to prevent disparity in genotype reporting (i.e., oligonucleotide primers, nucleotide alignment and phylogenic algorithms), has been published in the report of Paton et al. 18) . Contingent to this analysis procedure was the availability of reference nucleotide sequence data. This has become available in the form of a World Wide Web database, established at the European Community CSF Reference Laboratory based at the University of Hannover 19, 20) .
Genetic typing taxonomy.
The current nomenclature and genogroup composition for CSF virus genetic typing has been de scribed by Paton et al. 17) , based on a refinement of the groupings as originally proposed by Lowings et al. 16) . A series of early reports described the comparative genetic analysis of the 5′ -NCR and the E1/E2 and NS5B genes of European CSF virus isolates to demonstrate genetic relationships 21, 22, 23) . Later reports compared historical and contemporary virus isolates from different parts of the world to classify the viruses into genetically-related groups (or genogroups) 16, 24) . The basis for the current genetic typing of CSF virus strains is the separation of virus isolates into three major genogroups with further divisions into subgroups.
Restriction fragment length polymorphism analysis.
Re stric tion fragment length polymorphism (RFLP) analysis of RT-PCR generated CSF virus amplicons has been employed to provide a rapid method of analysis to differentiate CSF virus strains and related pestiviruses. The RFLP analysis of the 5′ -NCR of the related flavivirus, Hepatitis C virus (HCV), has been successfully applied to investigate the genotype and sub-genotype identity of HCV isolates from different geographic regions 25) . In the first application of such techniques for discrimination of pestiviruses, Vilček et al. 23) employed the restriction endonucleases (RE), Ava I and Bgl I to RT-PCR-generated amplicons of the 5′ -NCR to differentiate ruminant and porcine pestiviruses. Other researchers have used RFLP, to discriminate between vaccine and ＂wild type＂ viruses. The RE, Bbr PI, was used for the analysis of 5′ -NCR amplicons to successfully discriminate between CSF field and vaccine strain viruses of European origin 26) . Application of Pst I, Kpn I and Bgl I REs has been used to discriminate between the Russian produced CS and LK vaccines and reference CSF field strain viruses 27) . A simple method of RFLP analysis that provides an indicator of CSF virus genotype identity to the subgroup level has been developed in Thailand to reduce the necessity for nucleotide sequencing in smaller diagnostic laboratories 28) . RFLP analysis of the E2 gene amplicons by digestion with Ava II, Ban II and Pvu II REs resulted in characteristic, genotype-specific cleavage products 28) .
Molecular analysis of CSF virus isolates to determine viru lence characteristics.
Despite a large number of investigations detailing the genetic characteristics of CSF virus isolates, as yet, there are no indications as to presence of characteristic ＂virulence markers＂ within the CSF virus genomes. Virulence markers in the 5′ -NCR of the related pestivirus, BVD virus, have been suggested 29) . While no such virulence markers have been dis covered within the CSF virus genome, investigations are con tinuing using chimeric viral clones that incorporated gene deletions (such as the N pro ) to determine possible virulence sites 30, 31, 32) . Virus replication kinetics in vitro and in vivo has also been described for 10 natural and cloned CSF viruses to char acterise virulence attributes 30) .
Molecular epidemiology of Asian CSF viruses

South East Asia
The distribution of CSFV genotypes in South East Asia is presented in Table 1 . Studies of the distribution of CSFV genotypes in South East Asia have been conducted in Lao PDR, Vietnam, Thailand and Malaysia. In the Lao PDR, two studies have examined the phylogenetic relationships of the 5′ NCR 33) and E2 gene 34) of Lao PDR CSF virus samples. All Lao CSF viruses belonged to subgroups 2.1 and 2.2. There was a strong geographical relationship between CSF virus isolates from the Northern region (subgroup 2.1) and the Southern region (subgroup 2.2) of Lao PDR. As the viruses assessed in the studies were only collected over a two and half-year period, it was not possible to assess the level of temporal variation in Lao PDR CSF virus isolates. The majority of Lao CSF viruses belonged to subgroup 2.2. Clear phylogeographic clusterings were evident for subgroup 2.2 viruses originating from provinces in the Southern region, most notably in Champassak province. An important finding was that no subgroup 2.2 virus isolates were detected in the Northern region of Lao PDR. Of the isolates belonging to subgroup 2.1, originated from the Northern and Central regions none with detected in the Southern region of Lao PDR. The Northern region of Lao PDR is very mountainous with poor transport infrastructure. This natural isolation forms a natural barrier from other regions of Lao PDR. It is therefore not unexpected, that CSF virus isolates from these areas may be distinct, given the geographical isolation of this region which was verified by the absence of subgroup 2.2 viruses in the Northern region. The presence of subgroup 2.1 viruses in the central region is most probably is due to the movement of infected pigs or pork products to Vientiane City for sale. A study of the viral diseases of pigs in Vietnam during 1999 to 2003 found subgroup 2.1 and 2.2 CSF viruses 35) which is the same as those found in Lao PDR 28, 36) . Other countries in South East Asia demonstrate a large number of CSFV genotypes. In Thailand, subgroup 1.1, 2.1, 2.2 and 3.4 CSF virus strains have been identified from historical and contemporary Thailand virus isolates Three viruses of Thai origin were shown to belong to genogroups 1 and 3 37) . Study of Malaysian CSF viruses by analysis of the 5′ -NCR, E2 and NS5B genomic regions, determined that CSF virus samples from the 1980s belonged within genogroups 1.2 and 2.1 16) .
Northern/Eastern Asia
In northern and eastern parts of Asia, studies have been conducted in China, Japan, Taiwan and Korea. The first report of the genetic characterisation of Chinese CSF virus isolates was during a comparison of the NS5B genetic region of world-wide CSF viruses 18) . The Chinese ＂Wuhan＂ field isolate and C-strain vaccine were both determined to be members of genogroup 1 18) . More recent phylogenetic studies compared the E2 region and have identified CSF virus isolates belonging to subgroups 1.1, 2.1, 2.2 and 2.3. 38) . The majority of the CSF virus isolates belonged to genogroup 2 (89.3％) with the viruses being almost equally divided between sub-genogroups 2.1 (48.1％) and 2.2 (41.2％) 38) . Of most interest is the genetic composition of CSF viruses originating in Yunnan and Guangxi Provinces of China that share common borders with Lao PDR and Vietnam respectively. All virus isolates originating from Yunnan Province belonged to sub-genogroup 2.1 38) . Somewhat surprisingly, CSF viruses belonging to a range of subgroups, 1.1, 2.1, 2.2 and 2.3, were detected in adjacent Guangxi Province 38) . A recent study using 28 MAbs tested against Chinese-derived subgroup 1.1, 2.1, 2.2 and 2.3 virus collected between 1996 to 2006 demonstrated significant antigenic diversity 39) . Analysis of the 5′ NCR of a large number of Japanese CSF virus isolates collected during outbreaks from the years 1951 to 1986 revealed that these viruses belonged to genogroups 1, 2 and 3 37) . In Taiwan, subgroups 2.1, 2.2, 3.4 have been detected 40, 41) and in Korea subgroup 3.2 17) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) and 2.1 (2002) (2003) 42 have been reported.
Western Asia
To date only one study has been performed in India to determine the genotype of CSFV causing disease. The study 43) examined 5′ NCR, E2 and NS5B gene from 16 CSFV isolates from Assam, India and found that they all belonged to subgroup 1.1 and analysis in E2 and NS5B region placed the Indian isolates in a clearly separated clade within subgroup 1.1. These results are at odds with other areas of Asia which have multiple genotypes and hints at a closer link to a European source.
Europe
The majority of recent European CSF virus isolates belong to genogroup 2 17) . The Western and Central European CSF viruses isolated in the early 1990＇s were members of the subgroup 2.3 16, 17, 44) . Eastern European CSF virus isolates from the 1990's belonged to subgroups 2.2 and 2.3 45) . Analysis recent of Italian CSF virus indicated that the majority of early to mid 1990's isolates belonged to subgroup 2.2 and 2.3 46) . Notably, the virus responsible for the large 1997/98 CSF outbreak in the Netherlands that spread to other areas of Europe was a member of the subgroup 2.1 47, 48) and it is believed that this virus was newly introduced to the EU as this subgroup had not been detected since 1993 46) .
Phylogeographic relationships between CSFV genotypes : opportunities and limitations for disease control.
There is considerable diversity in the distribution of CSFV genotypes throughout Asia and the rest of the world (Table 1) . Genotype 2 viruses have the widest distribution in Asia and are the exclusive genotype in Lao PDR and Vietnam. It is interesting to note the diversity of CSFV genotypes in Thailand and China, however while it is not entirely clear why this is the case, transboundry movement of infected animals may be the cause. Given the diversity of genotype distribution in Asia, the monitoring of CSFV genotypes following an outbreak is an excellent tool for the monitoring of transboundry disease. A good example is the speculation on the possible origins of subgroup 2.1 viruses responsible for the CSF outbreaks in Western Europe during the 1990's that where thought possibly be of Asian origin 17, 49) . However, molecular epidemiology can only be an effective tool if continued assessments of virus isolates from the region are performed due to the mutations that naturally occur within the RNA genome and the potential incursions of new virus strains by the uncontrolled trans-boundary movement of animals within the region. Low-cost methods for genetic typing of CSFV such as the use of RFLP 28) may provide more appropriate and rapid methodologies for the assessment of field virus isolates in lowtechnology settings although further investigations are required to confirm the long-term usefulness of the proposed techniques.
Divergence in the selection of genetic regions and methods of CSF virus genetic analysis has lead to lack of cohesion and difficulties in the interpretation of results. Reports by Grieser- 1997 -1998 . Vet Microbiol, 66, 291-299, 1999 
